Esterases of 42 strains of Levinea malonatica, Levinea amalonatica and Citrobacter were analysed by horizontal slab electrophoresis in polyacrylamide-agarose gel using several synthetic substrates. On the basis of esterase zymograms a distinctive pattern was established for each of the three species. Levinea malonatica was characterized by two major bands: one hydrolysing acetate esters but not butyrate esters; and the other hydrolysing a-naphthyl acetate and reacting weakly with a-naphthyl butyrate and ,8-naphthyl acetate. Levinea amalonatica showed one prominent band that hydrolysed a-naphthyl esters and reacted weakly with ,8-naphthyl esters. Citrobacter strains showed one major band that hydrolysed a-naphthyl esters and appzared slightly more active towards P-naphthyl esters than that of L. amalonatica. Considerable variations in electrophoretic mobility were observed among Citrobacter strains. Levinea amalonatica was less variable. In addition, one minor anodal band reacting with P-naphthyl acetate was observed in both L. malonatica and Citrobacter.
(Received 22 June 1976; revised 6 August 1976) SUMMARY Esterases of 42 strains of Levinea malonatica, Levinea amalonatica and Citrobacter were analysed by horizontal slab electrophoresis in polyacrylamide-agarose gel using several synthetic substrates. On the basis of esterase zymograms a distinctive pattern was established for each of the three species. Levinea malonatica was characterized by two major bands: one hydrolysing acetate esters but not butyrate esters; and the other hydrolysing a-naphthyl acetate and reacting weakly with a-naphthyl butyrate and ,8-naphthyl acetate. Levinea amalonatica showed one prominent band that hydrolysed a-naphthyl esters and reacted weakly with ,8-naphthyl esters. Citrobacter strains showed one major band that hydrolysed a-naphthyl esters and appzared slightly more active towards P-naphthyl esters than that of L. amalonatica. Considerable variations in electrophoretic mobility were observed among Citrobacter strains. Levinea amalonatica was less variable. In addition, one minor anodal band reacting with P-naphthyl acetate was observed in both L. malonatica and Citrobacter.
The relative molecular sizes of the major esterase bands were determined by disc electrophoresis with gels of different acrylamide concentrations. The molecular size of the major band of Citrobacter appeared to be smaller than that of the corresponding esterase band of L. amalonatica.
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PH. GOULLET AND C. RICHARD * All except no. 10 were of human origin.
t +, Positive test; (+), late positive; -, negative test.
$ According to Richard et al. (1972) .
fluoropropyl phosphate (DFP), protein estimation, acrylamide-agarose gel electrophoresis and esterase staining were as described previously (Goullet, 1973 (Goullet, , 1975 , with the following modifications. Bacteria were grown in L broth (Lennox, 1955) without glucose and harvested during the exponential phase. They were washed twice in 0.06 M-Trislglycine buffer, pH 8.7, before ultrasonic disruption. Esterase bands of E. coli K I~ (Goullet, 1973) were used as a parallel electrophoretic control. DFP (Calbiochem) was used at I O -~ to I O -~ M. Disc electrophoresis. The buffer and gel solutions were as described by Davis (1964) . Gel columns were formed in glass tubes (80 x 4 mm). For small pore gel, the bisacrylamide/ acrylamide weight ratio was kept constant at I : 30 and the acrylamide was varied from 5 to 12 % (w/v). The same small pore gel concentration was used for each run. The tracking dye was bromophenol blue. Electrophoresis was at room temperature in a Canalco model 1200 apparatus using 2 mA per tube until the dye front had migrated into the small pore gel; thereafter 5 mA per tube was maintained until the dye front had migrated to 40 mm. The esterases were stained by a-naphthyl acetate (Sigma) using naphthanil diazo blue B (Dajac Laboratories, Philadelphia, Pennsylvania, U.S.A.) as dye coupler. Electrophoretic mobility. The MF value, i.e. the distance moved by the esterase band as a percentage of the distance moved by the dye front, was the average obtained from four to six runs.
Esterases in Levinea and Citrobacter

RESULTS
Reproducible esterase patterns of L. malonatica, L. amalonatica and Citrobacter were obtained with the four synthetic substrates. All MF values were approximate because of variations between different runs. However, electrophoretic relationships could be established between the strains by numerous replicate assays comparing esterase bands in adjacent positions on the same gel.
Levinea malonatica In general, two major bands were observed (Fig. ~a ) .
The faster moving esterase band (E,) hydrolysed a-and P-naphthyl acetates but not butyrate 'esters; it was inhibited by I O -~ M-DFP. The second band (E,) hydrolysed a-naphthyl acetate and reacted weakly with a-naphthyl butyrate and P-naphthyl acetate; it was inhibited by 5 x I O -~ M-DFP. These two esterase bands were inactivated by 10 min treatment at 60 "C. They were accompanied by a slower moving band (E3) which was less deeply stained by a-naphthyl acetate than the major bands, but reacted with the other three substrates. One minor fast migrating band (F), MF E 94, was detected by P-naphthyl acetate. Bands E2 and E3 were seen in all 14 strains (Fig. I b) . The E3 band showed several types of electrophoretic mobility. In strain 10, the El band migrated more slowly than the E2 band; in strains 7, 12 and 14 it was not detected. No biotype pattern was noted.
According to Hedrick & Smith (1968) ~ the negative slope (Iotga) of the straight line obtained by plotting 100 log Mp against gel concentration is directly related to molecular size, The effect of varying the acrylamide concentration on the relative mobility of bands E, and E2 (strain 11) indicated that the molecular size of esterase band E, was greater than that of esterase band E2 (Fig. 2) .
Levinea amalonatica One prominent esterase band hydrolysed a-naphthyl esters and reacted weakly with P-naphthyl esters (Fig. 3a) . It was inactivated by 10 min treatment at 60 "C and strongly inhibited by I O -~ M-DFP (Fig. 5) . In addition, one minor band was often detected by a-naphthyl acetate. The major band was observed in all 14 strains (Fig. 3b) . Despite their different geographical origins, strains 18, 20, 21, 23, 25 and 27 appeared identical in terms of major band mobility.
The influence of acrylamide concentration on the relative mobility of the major band of strain 27 is shown in Fig. 2 . Citrobacter Strains of Citrobacter showed one major esterase band that hydrolysed a-naphthyl esters and appeared to be slightly more active towards P-naphthyl esters than that of L. amalonatica (Fig. 4a) . This band was inactivated by heat and inhibited by 5 x I O -~ M-DFP (see Fig. 5 ). One minor fast migrating band (F), M p x 95, was detected by P-naphthyl acetate. Considerable variations were observed among the I 4 strains in the electrophoretic mobility of the major band (Fig. 4b) . In some strains an esterase band that hydrolysed a-naphthyl acetate migrated faster than the major band. In addition, some faint bands were detected by a-or P-naphthyl acetates.
The molecular sieving effect in polyacrylamide disc electrophoresis indicated that the molecular size of the major esterase band of strain 40 was smaller than that of the major band of L. amalonatica strain 27 (Fig. 2 ) . Table 2 . According to the values of the negative slope from plots of IOO log MF against acrylamide concentration, the molecular sizes of the El esterase band of L. malonatica and the only esterase band of L. amalonatica were similar. The same is true for the smaller E2 esterase band of L. malonatica and the major esterase band of Citrobacter. Further studies including other enterobacteria and using reference proteins are in progress. In addition to the above four esterases, one minor band migrating near the marker dye front and reacting with P-naphthyl acetate was observed in strains of L. malonatica and Citrobacter. The mobility of this fast band is distinct for each species and different from that of Escherichia coli (Goullet, 1973) .
Esterases in Levinea and Citrobacter
On the basis of the esterase data, distinctive patterns may be established for L. malonatica, L. amalonatica and Citrobacter. This differentiation is consistent with the genetic divergences detected by DNA hybridization (Crosa et al., 1974) . The differences in the esterase patterns of L. malonatica and L. amalonatica are striking but the differences are less marked between L. amalonatica and Citrobacter, which seems to agree with the common biochemical characteristics of the last two species (Young et al., 1971 ; Richard et al., 1972) .
Considerable electrophoretic variations were observed with the L. malonatica E, band and to a lesser degree with the Citrobacter major band. The major band of L. amalonatica
